Introduction: Recently, it has been suggested that the occurrence of posthysterec-
| INTRODUC TI ON
Vaginal cuff dehiscence (VCD) is an uncommon complication occurring after a hysterectomy. In recent years, however, there have been several reports on VCD after a total laparoscopic hysterectomy (TLH) in which the vaginal cuff closure is also made laparoscopically. [1] [2] [3] [4] Before the advent of the use of TLH in Finland, two nationwide studies of hysterectomy 5, 6 found no cases of dehiscence after conventional laparoscopic (LH), vaginal hysterectomies (VH) and total abdominal hysterectomies (TAH).
Putative explanations for VCD range from the use and mode of electrosurgery in the techniques for opening the vagina as well as the closing technique and material to the women's characteristics and the experience of the surgeon. [7] [8] [9] [10] Cuff dehiscence can vary from partial opening of the vaginal wound to serious evisceration of the contents of the abdominal cavity into the vagina.
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During the past few years we have also noticed an increasing rate of VCD in our hospital district. Therefore, we decided to evaluate the risk of VCD after different types of hysterectomies performed since 1992, when the first laparoscopic hysterectomy was performed in our hospital. Second, the clinical characteristics of VCD after TLH and other types of hysterectomies were compared.
| MATERIAL AND ME THODS

| Study design and period
We conducted a register-based observational study in one university hospital area. The number of hysterectomies performed in the district of Turku University Central Hospital between 1 January 1992 and 31 December 2015 was identified from the hospital's database. In addition, to determine later events, we searched for VCDs diagnosed up to 31 March 2016. The study period was divided into 3-year periods to identify the trends in hysterectomy and VCD rates.
| Exclusion criteria
The exclusion criteria for the study were a malignancy as an indication for hysterectomy or a concomitant Burch operation. Patients who had initially undergone an operation outside the Turku University Central Hospital district were excluded from the analysis of the occurrence of VCD but included in the analysis of clinical factors associated with VCD.
| Outcome measures
The primary outcome measure was the incidence of VCD after different types of hysterectomies. The secondary outcomes were trends in hysterectomies and incidence of VCD from 1992 to 2015 as well as the background characteristics of VCD cases after TLH (THL group) compared with the other types of hysterectomy (non-TLH group). 
| Data collection
| Technical considerations
The procedure was classified as TLH when the uterus, including all pelvic supporting structures, was detached and the vaginal cuff su- The clinical background factors of the women with VCD were compared using two subgroups, that is, the cases after TLH (the TLH group) and those after other hysterectomy techniques (the non-TLH group).
| Statistical analysis
For categorical variables, differences were tested using Fisher's exact test. For continuous variables with normal distribution, differences were tested with the Student's t test. For variables with non-normal distribution, logarithmic transformation was used to achieve normality or the Kruskal-Wallis test was used. The normality of the distributions of continuous variables was evaluated visually and using the ShapiroWilk test. Calculations of differences in frequency rate were performed with an unadjusted binary logistic regression analysis to quantify significant associations. Two-sided P values < .05 were considered to be significant. Statistical analyses were performed using JMP Pro, Version 12.1 for Mac (SAS Institute Inc, Cary, NY, USA).
| Ethical approval
Approval by the ethical committee was not required because the study design was a register study. The study was reviewed, approved, and monitored by the institutional review board of Turku University Hospital, Turku, Finland.
| RE SULTS
During the study period 13 645 hysterectomies were performed at Turku University Central Hospital. The numbers of different types of hysterectomies are shown in Table 1 The incidence of VCD was highest after a TLH (1.27%) and lowest after a TAH (0.02%) ( Table 1 ). In comparison with TAH, logistic regression analysis resulted in an OR of 71.1 (95% CI 9.34-541.38, P < .001)
for VCD after TLH. When comparing VCD after TLH to VCD after LH the analysis yielded an OR of 12.2 (95% CI 3.50-42.54, P < .001).
All VCD cases in this study (n = 22) were included in the analysis of predisposing factors. The clinical characteristics of the women in the TLH group (n = 15) and the non-TLH group (n = 7) are presented in Table 2 . The latter group consisted of VCDs after a LH (n = 3), a TAH (n = 2), and a VH (n = 2). In the TLH group, five women had an underlying disease (hypertension n = 2, atrial fibrillation n = 1, diabetes n = 1, and mixed connective tissue disease with systemic corticosteroid treatment n = 1). Additionally, four women had had a previous laparoscopy for gynecological reasons. In the non-TLH group one woman had atrial fibrillation and one had undergone a gynecological laparoscopy.
In VCD cases, the mean duration of the hysterectomy was significantly longer in the TLH than in the non-TLH group (P < .001) ( TA B L E 1 Incidence of vaginal cuff dehiscence (VCD) related to different types of hysterectomies and odds ratio (OR) compared with the lowest incidence of VCD after total abdominal hysterectomy (TAH) barbed suture in two layers in one case in the TLH group and using Vicryl 0 or 2-0 in two cases in the non-TLH group.
There were three women with a postoperative infection or hematoma prior to VCD in the non-TLH group and none in the TLH group (P = .023). Altogether, in 73% (16/22) of cases a predisposing factor for VCD was identified. In nine cases (9/22, 41%) vaginal intercourse was associated with VCD a mean 55 days postoperatively (range 24-103 days, median 50 days). In seven women (31.8%), straining due to lifting, bending, constipation, bladder emptying, or pneumonia-related coughing was a predisposing factor. In six women, four in the TLH group and two in the non-TLH group, no predisposing factor for VCD could be identified.
There were no significant differences in VCD interval, type and symptoms between the TLH and non-TLH groups or in the operative experience of the surgeon (Table 4 ). The overall interval from initial hysterectomy to VCD varied between 4 and 103 days (median 34 days). Some level of evisceration and a concurrent feeling of a bulging or protruding mass was related to VCD in 27% of cases.
Other symptoms were bleeding and vaginal discharge at a mean of 2 months after the initial operation. No bowel resection was needed.
All reoperations due to VCD involved suturing vaginally with interrupting sutures in one layer. No recurrent dehiscence was observed.
| D ISCUSS I ON
In comparison with TAH, the laparoscopic technique is advantageous for hysterectomy. We performed the first LH in our clinic in 1992 and the first TLH in 2005. Currently, TLH is the most popular method of uterine removal in our hospital. Along with an increasing number of TLHs, an increase in the rate of VCD was observed.
The overall rate of post-hysterectomy VCD (0.15%) in our study is in line with the literature, reporting an incidence of 0%-4%. [1] [2] [3] 8, 9 In line with previous studies, the incidence was highest after a TLH. [1] [2] [3] [4] Before the introduction of TLH, there were only a few VCDs in our clinic; likewise, none was reported in two nationwide Finnish studies that analyzed hysterectomies performed in 1996 and 2006. 5, 6 The incidence of VCD was lower after TAH and VH than after laparoscopic hysterectomies in our study. The odds of VCD after TLH was 71-fold higher than after TAH and 12 times higher than after LH.
However, partial vaginal dehiscence not requiring surgical correction was not included into this analysis. sutures. However, transvaginal closing of the vaginal cuff may be a challenging procedure in women with a very narrow vagina or massive obesity. In our study, one woman had a BMI over 30, two were nulliparous, and four had had cesarean sections, all in the TLH group.
However, there were no significant differences in the background characteristics of women with VCD between the two groups.
Vaginal vault dehiscence is a rare but potentially serious complication after a total hysterectomy that requires reoperation. Evisceration is a surgical emergency, which may lead to ischemic damage in the bowel wall and a need for bowel resection, mostly of the small bowel.
Risk of evisceration has earlier been associated with a VH with prolapse repair, especially enterocele, in postmenopausal women. 11,14 A thin, scarred, or shortened vagina with diminished vascularization may be a risk factor; therefore, vault rupture could occur spontaneously or in connection with increased intra-abdominal pressure. Conversely, a hysterectomy technique without vaginal closure has not been associated with evisceration after abdominal or laparoscopic hysterectomy. 15, 16 In our study, 27% of women with VCD had an evisceration, but there was no need for bowel resection in any of them. In a previous analysis of VCD, evisceration was observed in 36% 1 to 63% 3 of cases, and in the latter report, it resulted in bowel resection in 29% of cases due to ischemia.
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Too early coital activity, straining, or lifting a heavy burden may be risk factors for VCD, but their causal role remains uncertain. If VCD occurs during intercourse, it may later on increase sex-related stress and reduce sexual well-being. In the first randomized study comparing laparoscopic and transvaginal cuff closure after TLH, avoiding vaginal intercourse for at least 2 months following surgery was recommended. 17 In the present study, VCD had no precipitating events in 27% of the women; in most cases VCD was associated with sexual intercourse, and in a few cases it was associated with physical activity, lifting, coughing, or straining. TA B L E 3 Operative details of total laparoscopic hysterectomy (TLH) and other types of hysterectomies (non-TLH) related to vaginal cuff dehiscence (n = 22)
Previously, up to 70% of VCDs have been reported to occur spontaneously without predisposing activity. 13 Most women with VCD have one or more symptoms and require treatment as a 24-hour service.
Overall, the surgical outcome of any operation depends on the skills of the surgeon. In particular, the laparoscopic suturing technique is demanding and requires expertise. Because all TLHs since their advent are included in this study, many surgeons were at the beginning of their learning curve. This may be an important source of bias in our study, even if no significant difference was found in the operator's experience in gynecological surgery (< 5 y vs ≥ 5 y) between the TLH and non-TLH groups. The surgeon's experience has been found to be important in reducing severe complications, especially in laparoscopic and vaginal hysterectomies. 5 However, no difference in major complications requiring reoperation was found between trainees and specialists in a later study. 18 Nevertheless, a recent study reported that in centers with high laparoscopic expertise, the incidence of vaginal dehiscence is significantly lower when the entire procedure is completed laparoscopically compared with vaginal suturing of the cuff after TLH. 17 However, the technique of vaginal opening and suturing in the study differs the one used in ours, and thus the results are not comparable. Nevertheless, it is likely that factors other than the route of vaginal closure per se contribute to VCD.
In this study all dehiscences were resutured vaginally. The reoperations were uneventful, and all women recovered without further complications. No recurrent dehiscences were recorded. In a previous study of TLHs, where 23 VCDs were reported and treated either vaginally or laparoscopically, four recurrent dehiscences occurred. TLHs per year in the whole district. This is a low number of procedures and raises the problem of proficiency with both the procedure and the laparoscopic suturing of the vaginal vault. Although suturing by laparoscopy can be facilitated by simulation models, 19 it can still be demanding and increase the operation time in the initial hysterectomy. The vaginal procedure is easy to learn and enhances skills for VH, which should be the preferred choice whenever possible. 20 Our study data support the use of the transvaginal approach to suture the vaginal cuff. Previously, it has even been suggested that transvaginal closure is the gold standard. TA B L E 4 Interval, type, and symptoms of vaginal cuff dehiscence (n = 22)
| CON CLUS ION
The incidence of VCD was observed to be highest after TLHs compared with other types of hysterectomies. The observed differences between the TLH and non-TLH groups were related to the vaginal opening technique, the duration of the operation, and the occurrence of postoperative infection or hematoma prior to VCD. More prospective studies are needed to investigate the possible causal role of electrocautery or the route of vaginal closure in the development of dehiscence.
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